Abstract -Transport properties, conductance of electrolyte solutions and viicosity of their solvents, as well as dielectric properties are discussed in the framework of applications in modern technology. Electrolyte solutions in high energy batteries with lithium anodes are chosen for exemplifying both the role of the solvent and the fulfilment of supplementary conditions imposed by technical applications. The generation of electrolyte property profiles by means of a data base is used and the data and method base for electrolyte solutions, ELDAR, is presented.
INTRODUCTION
A perusal of recent literature shows the increasing importance of ion-conducting materials in various fields of applied research and technology (refs. 1-3, and quoted literature). Solid ion conductors (crystallines, composites, and glasses), salt melts and electrolyte solutions are all materials exhibiting inherently useful properties. In comparison with solid ion conductors, electrolyte solutions provide better levelling properties, both for temperature and concentration gradients, permanent contact between electrodes and the ionic conductors,and generally higher conductivities at ambient temperatures (Table 1) . Leakage and corrosion problems and lower transference numbers of the active ions are drawbacks. Nonaqueous, as compared to aqueous electrolyte solutions, exhibit larger liquid ranges, wider cathodic and anodic stability ranges (Table 2 ) and increased solubility for organic materials, but entail higher costs, toxicity, flammability, and generally lower conductivities (Table 1) . Recently, low temperature melts offering high conductivities have become available (ref. 2O )andthese might compete with electrolyte solutions when some technological problems are solved.
There are numerous examples of actual applied research where nonaqueous electrolyte solutions have yielded convincing, and in many cases, unique results: primary and secondary batteries of high energy density and good low-temperature performance, electroplating of aluminum and refractory metals, electrodeposition of various materials and related processes, flat noneniissive electrode displays, photoelectrochemical cells, wet capacitors, and various fields of electro-organic synthesis (refs. 1-3) .
In this paper some features of the transport properties of electrolyte solutions are discussed which might be helpful for applied research.
PROCUREMENT OF ELECTROLYTE DATA
A most important obstacle to systematic research of nonaqueous electrolyte solutions in technology is the lack of comprehensive information and engineering data. Procurement of electrolyte data is often a difficult and time-consuming procedure. Data are widely spread in the literature; many results which were obtained by resolving special problems could be useful for others in quite different fields of application. Up to now there exist neither comprehensive tables of reliable electrolyte data nor a general treatment of this class of.solutiohs, especially for the most important mixed-solvent systeiis. This situation stimulated the development of the ELDAR (Electrolyte Data Regensburg) data base (refs. 5-7), Fig. 1 .
Actually ELDAR provides about 8,000 references, 180,000 data tuples and 15,000 key words in a thesaurus of polyhierarchical structure. The data of ELDAR are available via the DECHEMA data bank DETHERM. Methods and equations of ELDAR permit the generation of property profiles, i.e. tables or plots of electrolyte properties as a function of electrolyte concentration, solvent composition, temperature or pressure, which are helpful for the lay-out of technical problems. Examples are given in the following text. Data basis vectors and rules for 'best' values simplify this procedure. 
Extrapolation of the pair correlation functions of equally charged ions to low concentrations shows that the population of equally charged ions at short mutual distances (about one or two solvent molecules) can be neglected at low concentrations. ..
(1) r < a, a being the minimum distance of two ions, i and j, which is assumed to be the sum of the effective ion radii,
(ii) a . r R, the region of short-range interactions which can be occupied only by paired states of oppositely charged ions, (iii) r R, the region of long-range interactions.
Region (i) is characterized by a hard-sphere potential. The mean-force potentials of regions (,i) and (iii) are split into two parts representing the coulombic, W, and noncoulombic, wij, interactions.
The ion-pair association concept for symetrical electrolytes can easily be introduced into the chemical model, by assuming that the distance parameter R equals the upper limit of ion association. Then the association constant at concentration c is given by the relationship
Properties of electrolyte solutions, E(c;p,T), from low to moderate concentrations can be represented by a set of equations (refs. 1,5)
where E(p,T) is the corresponding property of the infinitely dilute solution, Kc is the concentration-dependent constant according to Eq. (3) The Vogel-Fulcher-Tamann (VFT) equation, based on the CRD concept, can be used in the form
for analyzing the temperature dependence of various transport properties F(T) and for determining the ideal glass transition temperature T° by appropriate extrapolation methods. The glass transition temperature T0 is considered to be the appropriate reference temperature for all transport and relaxation processes in the solution, F(T) equals zero at T°. 
ELECTROLYTE SOLUTIONS IN HIGH ENERGY BATTERIES
Batteries can be divided into two classes, the non-rechargeable primary and the rechargeable secondary batteries. Actually lithium is the most favoured anode material for ambient temperature high-energy batteries, but other high electrode potential, low equivalent weight elements such as Na, K, Be, Mg, Ca, and Al are studied as potential substitutes. The nonaqueous primary lithium battery is now a fact and is produced in various types and configurations, see Table 4 on lithium cyclability. The requirements imposed by the compatibility conditions limit the choice of solvents for battery electrolyte solutions to four main classes -aprotic protophilic solvents, e.g. DMF, DMSO -aprotic protophobic solvents, e.g. PC, y-BL -low permittivity electron donor solvetits, e.g. DMF, THE -inert solvents, e.g. hydrocarbons.
Among these solvents the most suitable materials for battery application should combine high permittivity, low viscosity and wide liquid range. Aprotic solvents show high permittivities, but also high viscosities and unfortunately strong temperature dependence of viscosity, e.g. Fig. 4 (ref. 1) . Ethers and some inert solvents exhibit the opposite behaviour, i.e. low permittivities and viscosities and low temperature coefficients of viscosity. Only mixtures of solvents of different classes, e.g. ethers and dipolar aprotic solvents, show suitable properties by balancing the specific advantages and drawbacks of the pure solvents. It is sufficient to say that the use of mixed solvents, exemplified in this paper for lithium battery electrolyte solutions, is also a general feature in other fields of application. A comprehensive investigation in our laboratory of nonaqueous electrolyte solutions has been carried out to provide data and rules for the choice of appropriate organic solvent systems for actual technologies. Data on PC, DME, y-BL, THE, DIOX, AN, MeOH, EtOH, PrOH, 2-PrOH, acetone, and their mixtures (anlso with H20) have been already published or are underway. (Fig. 6 ).
Some features of specific conductance may be used for planning electrolyte solutions on the drawing board by the engineer.
The maximum of specific conductance is a general feature of concentrated solutions; it is the consequence of competing effects, increasing charge density and decreasing ion mobility with increasing electrolyte concentration (ref. by the assumption of a characteristic energy barrier of the solvent, mainly depending on its viscosity, which is overcome at concentration p. Very high values of p are observed for ether solutions entailing high specific conductances which otherwise can hardly be understood; 1,1 electrolytes in ether solutions exhibit association constants of 106 mol dm3 and more.
If association is negligible, e.g. in PC solutions, conductivity is determined up to rather high concentrations by the cation radii (R4N salts) or by the Stokes radii (alkali metal salts), e.g. for R4NPF6, linear functions of (rim) vs.r'1are observed up to 1 molal solutions, Fig. 8 . (Fig. 5 c) and so does the (1_*) value (solvent composition at which Kax is attained). The same permittivity effect causes the shift of (1_*) for each electrolyte at varying temperature (Figs. 5 c and 6); maxima (Kax) are attained at higher (1_*) values with decreasing temperature (increasing permittivity). Figure 9 shows that the viscosity of the mixed solvent system can be represented by a master curve. Deviations of the points are due to errors in extrapolations, the extrapolation ranges (especially for DME) being extended. The positions of measured points on the master curve show that effects on the free volume, excess volume (composition dependence) and thermal expansion (temperature dependence), are theoretically accounted for by this approach which is far better than the usual approaches.
It seems interesting to visualize the success of the mixed-solvent approach on conductivity. 
